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The  experimental  arrangement  of a  microcautery  implemented  by  an  optical  ﬁber  with  zinc  nanoparticles
(ZnNPs)  photodeposited  on its core  for  the cauterization  and  coagulation  in  blood  vessels  hemostasis
processes  is  presented.  The  interaction  between  a laser  radiation  source  and  the  ZnNPS  on  the  ﬁber
core  produces  a controllable  punctual  heat  source  through  the  radiation  intensity,  which  is capable  of
reaching  a  temperature  up  to  200 ◦C  covering  an  area  of approximately  ten micrometers.  By using  three-eywords:
icrocautery
ptical ﬁber
aser
etallic nanoparticles
to-four-month-old  rats of CIIZ-V  strain,  we  made  several  microcauterization  experimental  tests  to stop
blood ﬂow.  The  ﬁndings  show  that  the  microcautery  obliterates  the  smooth  muscle  of the  blood  vessels
concatenating  mutually  to tissue  in an  average  time  of  three  seconds,  at the  same  time,  the  blood  elements
responsible  for  the  coagulation  are  thermally  activated  and  thus  the  bleeding  is  stopped.
©  2016  The  Authors.  Published  by  Elsevier  B.V. This  is  an  open  access  article  under  the  CC  BY-NC-ND
emostasis
lood vessels
. Introduction
Cautery is widely used in medicine to seal minor injuries; for
xample, in profuse bleeding in nasal mucous, eliminating a wart,
estroy tissue or any other injury of less than 5 mm in length [1,2].
efore the emergence of the electricity, the cauterizing of wounds
as performed by using a hot piece of iron. In 1891, D’Arsonval
ade the ﬁrst study on the effects of high-frequency electrical
urrent in humans, and discovered that by applying an electri-
al current above 100 kHz the cautery reduced the neuromuscular
hock [3]. Following this principle, the ﬁrst electrocautery was
mplemented as a transducer that transforms electrical current into
eat [4]. This electrical device is used as a surgical instrument for
utting or sealing blood vesselsthrough a high-intensity current
llowing ablation, hemostasis, sealing and coagulation in surgeries
5–9].New systems applying the electrocautery principle have been
eveloped to both bipolar electrosurgery and radiofrequency abla-
ion. In these systems, a high-frequency alternating current is
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applied to living tissue to obtain different degrees of destruction
[1,10,11], as well as to seal blood vessels in hysterectomy [2], and
to accurately sectionalize nerves such as cochlear [5] and sciatic
nerves [7] in animal models. This process can cause focal coagu-
lation necrosis in tracheal stenosis after tracheotomy, which can
create or disappear a stenotic injury in epithelial tissue [9], and
remove tracheal hematoma [12]. The disadvantages of electrocau-
terization lie on the effects that the electrical current have on
living beings such as faradic [13], electrolytic [14,15], or thermic
[11,15,17].
The thermal probe heated by a coherent radiation source, a more
elaborated cauterization device, has been developed using an opti-
cal ﬁber [18–21]. However, some studies have shown that by using
this thermal probe (“hot tip”), it is possible to cause major injuries
to the diameter of the tip when the size of the injury is smaller than
the tip. Because of this, non-invasive or minimal-invasive surgical
techniques are of great importance for general health and exper-
imental studies. Therefore, it is necessary to miniaturize surgical
devices [22].
Nowadays, nanostructured materials have been widely applied
in the ﬁeld of medicine. These materials are metallic, metal oxide,
polymeric, or a combination of all of these. Metallic nanoparticles
have made it possible to develop medical therapies, new sensors to
detect illnesses and identify toxic products.
In this research, the implementation of a microcautery based on
applied nanotechnology is described, in which metallic nanoparti-
cles were photodeposited on the core of an optical ﬁber. This is
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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sig. 1. Experimental arrangement for the photodeposition of ZnNPs on the core of
n  optical ﬁber.
 new technique carried out by the manipulation and selective
rapping of nanostructured materials with the help of a coherent
adiation source for applications in devices based upon the optical
bsorption phenomenon [23]. Then, the thermo-optical properties
f metallic nanomaterials photodeposited on an optical ﬁber are
dequate for these applications [24]. The aim of this investigation
as to develop a microcautery based on photodeposition of zinc
anoparticles (ZnNPs) on the core of an optical ﬁber to prevent
nternal hematoma in abdominal and pelvic regions in rats.
. Experimental study
.1. Photodeposition of metallic nanoparticles
Photodeposition is a technique used for depositing metallic
anoparticles on dielectric material, speciﬁcally on optical ﬁbers.
his technique was previously reported in [23]. The principle of this
echnique is based on the interaction of forces that a nanoparticle
uffers into a solution under the radiation pressure generated by a
oherent ﬁeld, which generates convective ﬂows by the heating of
he nanoparticles.
In order to achieve the ZnNPs deposition on the core of an opti-
al ﬁber, a semiconductor laser with a single mode optical ﬁber
utput was used (Mod. FPL1009S, Thorlabs). This laser works in
ontinuous-wave around 1550 nm wavelength with Gaussian pro-
le beam. The diameter of the core and its cladding are ∼10 m and
25 m respectively. The optical ﬁber was prepared by removing
he coating and cutting it off. Then, it was placed within a container
ith a solution of 10 ml  of isopropanol with 10 mg  of ZnNPs, as
hown in Fig. 1. Additionally, a three-port optical circulator (Mod.
Fig. 2. Micrograph taken from an optical ﬁber coe Science 392 (2017) 492–497 493
6015-3, Thorlabs) with a center wavelength of 1550 nm was intro-
duced to protect the laser source against internal reﬂections (port
2-port 1) and to measure the reﬂected signal (port 2-port 3) due to
the nanoparticles deposited on the core of the optical ﬁber.
The photodeposition process consists of turning the laser on and
introducing the ﬁber into the solution with nanoparticles until the
transmission of the laser is 3 dB. This is a one-to-three minute pro-
cess. In Fig. 2a, we can see the micrograph of a clean optical ﬁber
taken by a Scanning Electronic Microscope (TESCAN SEM Vega TS-
5136SB), in which we observe a ﬁber without any materials on the
core of the optical ﬁber. Whereas in Fig. 2b, we can see the ZnNPs
deposited on the core of the optical ﬁber, in addition we can observe
clusters of nanoparticles in the cladding of the ﬁber, which do not
interact in any way  with the radiation of the laser.
2.2. Microcautery in experiments with rats
2.2.1. Animals
Ten three-to-four-month-old female rats (weight 250–300 g)
from the CIIZ-V strain were used. These animals were kept in stan-
dard vivarium conditions at a temperature of 24 ± 2 ◦C, and with a
light-dark 12/12 controlled cycle. The rats were placed in collec-
tive acrylic boxes of 0.5 × 1 × 0.2 m,  ﬁlled with sawdust. The rats
had ad-libitum food (Lab Diet 5001, Rodent diet), and tap water.
The experimental protocol was  approved by the Bioethics Com-
mittee at Benemérita Universidad Autónoma de Puebla (BUAP) for
the use of animals in laboratories. Technical speciﬁcations related
to production, care and use of laboratory animals are followed the
Mexican Norm NOM-062-ZOO-1999 and the parameters by the
Internal Committee for Care and Use of Laboratory Animals at BUAP
(CICUAL).
2.2.2. Blood vessel hemostasis with microcautery
The exploration of the abdominal and pelvic region in rats was
carried out in anesthetized rats with urethane (ethyl carbonate,
1.2 g/kg, Sigma-Aldrich, St. Louis, MO,  intraperitoneally) that is
performed routinely in studies dealing with nerve-ganglia gross
anatomy. The surgical instruments frequently provoke venous
bleeding, which cannot be saturated or bonded, thus they have
become an obstacle to keep doing anatomy studies. The micro-
cautery was  used to stop small and accurate bleeding as shown
in Fig. 3. For anatomical studies, we  used the tip of optical ﬁber
(250 m diameter) and a stereoscopic microscope (Carl Zeiss, Stemi
2000-C). We  took some photographs of the anatomical studies with
re (a) without ZnNPs and (b) with ZnNPs.
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Fig. 3. Blood vessels hemostasis from the thoracic-lumbar area originated by lesion in anatomic rat exploration.
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tig. 4. Temperature dependence of the laser source measured at the end of the
ptical ﬁber with and without ZnNPs deposited on the core ﬁber.
 digital camera (Fujiﬁlm S1800) and they were optimized in Corel
hoto-Paint, version 13.0 (Corel, Mountain View, CA).
. Results and discussion
.1. Microcautery based on ZnNPs
Fig. 4 shows a comparison of temperature dependency of the
aser power measured at the end of the optical ﬁber with and with-
ut ZnNPs deposited on the core ﬁber. The results represented by
 black line correspond to the measured-temperature of the ﬁber
ithout ZnNPs, which shows an initial temperature of 23 ◦C that
ncreases up to 200 ◦C when a 55 mW laser power is applied. On
he other hand, the red line corresponds to the temperature char-
cterization measured on the core ﬁber with ZnNPs, which shows
hat it is possible to obtain an initial temperature from 20 ◦C to
84 ◦C, when a 55-mW-power laser is applied. In the latter, the
ame power pumping and the transmission of 3 dB were used; that
s, in the process of photodeposition, the ﬁnal output power was
xed at 27.5 mW.  In this sense, both measures show very simi-
ar temperatures. However, the difference in temperature between
he ﬁber with and without nanoparticles is associated to the lossFig. 5. Reﬂected power by the nanoparticles deposited on the core of an optical
ﬁber.
created by the distribution and reﬂection from the nanoparticles
deposited on the ﬁber. The reﬂection induced by the nanoparticles
deposited on the core of the optical ﬁber was measured in the port
3 of the circulator. These results were obtained taking into account
the insertion losses by device, which has a value of 1 dB. The results
are shown in Fig. 5, according to the results obtained, the reﬂected
power measured increases linearly from 1 to 10 mW when a current
of 350 mA  is applied to the radiation source. This means, that part
of the radiation is reﬂected by optical ﬁber with nanoparticles. This
reﬂection is due to the plasmon-photon interaction, phenomenon
knows as surface plasmon [23]. Accordingly, the ZnNPs deposited
on the core of the optical ﬁber behave as a partially reﬂecting mir-
ror and induce a partial loss of energy that is not absorbed by the
nanoparticles on the core.
Temperature dependence of ZnNPs deposited on the core of
an optical ﬁber used for the cauterization of the artery of a rat is
shown in Fig. 6. The results show an increase in the temperature
that is almost linear from room temperature to ∼60 ◦C with 57 mW
of power. The difference in temperature between the ﬁber with
nanostructures on the core and the one used in the cauterization
rests on the redistribution of temperature on biological material,
P. Zaca-Morán et al. / Applied Surface Science 392 (2017) 492–497 495
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the vascular system integrity was protected as shown in Fig. 9c.ig. 6. Temperature dependence of an optical ﬁber used for the cauterization.
hich is accumulated and carbonized at the end of the ﬁber. As a
esult, the heat is redistributed all over the contact zone with the
anoparticles.
The dependency between the output power from the optical
ber laser and the applied current is shown in Fig. 7. We  can
bserve that the laser begins to emit radiation from ∼60 mA,  which
ncreases linearly up to 55 mW using 350 mA.  The dependency
etween the laser power in an optical ﬁber without nanostructures
nd the temperature is shown in Fig. 4 (black line). The characteri-
ation for the optical ﬁber terminal was done by using a precision
hermocouple (CHROMEGA, PL053016) and a multimeter (Steren
UL-630). The initial registered temperature was  23 ◦C (room tem-
erature) until 200 ◦C using 55 mW of power. In this case we think
hat the laser radiation is easily absorbed by the thermocouple.
Fig. 8 shows ﬁbers with and without ZnNPs used for cauteriz-
ng blood vessels in rats obtain by the SEM. Fig. 8a shows a ﬁber
ithout nanoparticles, which was used to cauterize the artery of a
at. It was observed that the cauterization process was not possible
ue to low absorption of radiation between the biological material
nd the optical ﬁber. Consequently, the heat transference was not
ossible. Whereas, Fig. 8b shows an optical ﬁber with nanopar-
icles deposited on the ﬁber core used for cauterizing the vein
f a rat. During this process, it was observed that the accumu-
Fig. 8. Micrograph of (a) a ﬁber without nanoparticles Fig. 7. Output power of the laser versus bias current.
lation of biological material, on the tip of the ﬁber, is heated at
about 60 ◦C, this temperature is ideal for carrying out cauteriza-
tion process. As a result, this arrangement can be used to perform
ablation, cauterization and hemostasis, makes this arrangement a
cautery of precision without adverse effects such as electrical cur-
rent [11,13–17], ischemia [25], inﬂammation [6], tissue damage
[6,26], or damage nearby structures generated by using the cautery.
3.2. Blood vessel hemostasis
In previous works, we  have observed that the principal causes
of injuries in vessels can be provoked during the manipulation
of nerve ganglia or arteries due to the proximity between them
[27–30]. Therefore, it is common that the inferior vena cava (IVC)
or the ovarian vena (OV) can suffer a different degree of damage
[31–33]. In this work, ten rats were accidentally injured, in the IVC
or in the OV as shown in Fig. 9a and b; then they were cauterized
using the arrangement. It was  observed that the hemorrhage was
stopped via the coagulation process in three seconds; as a result,As already mentioned, the electrocautery can produce effects as
electrolytic, faradaic and thermic [34], generating a lot of smoke
that might contain toxic vapor and gases [9]. In response to these
and (b) a ﬁber used in the cauterization process.
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[ig. 9. Ovarian vein (OV) hemostasis with the microcautery using applied nanotech
icrograph (c) shows the intervention of the microcautery over the OV and the sto
emostasis.
ffects, a microcautery based on ZnNPs photodeposited on the core
f an optical ﬁber opens up a new high promissory solution for the
ontrol of temperature in microscopic biological matter as well as in
nert matter. The advantage for this arrangement is the possibility
o use any kind of metallic nanomaterial to carry out the photode-
osition process on the core of an optical ﬁber. This is because
ll metallic materials have a complex refractive index. Complex
efractive index is the condition to carry out this process of pho-
odeposition. Therefore, the degree of heating of the nanoparticles
n the ﬁber depends on the absorption properties of materials and
heir interaction with the radiation source.
. Conclusions
This article reports the implementation of a microcautery for
he cauterization and coagulation processes to induce hemostasis
n blood vessels. This arrangement is implemented by the photode-
osition of ZnNPs on the core of an optical ﬁber using a coherent
nfrared radiation source. It was shown that through the interaction
etween the nanoparticles and the radiation source, it is possible
o regulate the heat in the ﬁber tip, and access in the microme-
er regime within biological tissues. The results revealed that the
icrocautery obliterates smooth muscle from the blood vessels
nd joins the tissue in approximately three seconds, at the same
ime; the coagulation processes are thermally activated making it
ossible to stop the bleeding. One of the main advantages of this
icrocautery is related to the reduction of side effects that usually
appen in radio-frequency cautery process. To the best our knowl-
dge, this is the ﬁrst micrometric cautery that has been reported.
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